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ABSTRACY

This project is about design and construction of g *Digital Flectronic Olodkd” in
indicate “Time" of the day.

The techrigues employed in this prolect are based on g time base croult (oscillator
airouit) which generates a frequency of thHz, The frequency divider oireult process the
signal o give an oulpul of 1Mz, This is fed into the cowyt aocumulater of the ssconds
section. When the display s 59 seconds, an output is sent 1o the count socurmualor of the
murte section. Again, when the display is 58 minutes, sutput signal is sent io the how
saction. |

Yhen the output of the hour section reads 12 hours i resels to 01 when # receive
any output signal from the minue acourmuiatorn

The logic family used in this project s the Transistor-Transisior fogic {TTLY, #
requires 8 voltage belween 2.4v and By for its operation. A regulated voltage of Sv de

supply 13 used 1o powser all the fos used in this project.
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CHAPTER OME

INTRODUCTION

INTRODUCTION

In the world today, the incresse in lechnological growth has made passible
the construction of measuning instruments with a high degree of BOUUTACY. As
sulenice is inderested in making e more convenient for man, # is therefore
necessary (o ensurs ‘i?"zlai fitfe ensrgy and time are spent on any oparation. In all
human endeavors especially in sl laboratory work acouracy & of paramount
importance. Therafore MeBSUNNgG instrument st possess a high degres of
securacy i which clock is an sxampie of measwring instrument which has found i
Lgage in the smci&i?

Since the use of ime can naver be ignored i is therefore nEcessary o
consliuct 3 device that z:arif*fs used o measure Hime, {30ing down the MY
fang there have being stages of development in construction of 3 clock i the garly
days of the elechronics. olock ware constructad using mechanical part. Thay
consists mainly of a gear system and a wheel batance. #t was shserved that after
working for several hours, the iseth of the gear would wear out there by affecting
the accuracy of the clock was aiso affected. Heside, the acouracy of the clock
was also affected by the Fiction between the roving mechanical part and this
resutted in the stiffness of the gear system These were the problems associatad,
with the construstion of 3 ciock In the early days.

Nowadays, rapid growih in the electronies {digital} world makes #
possible o construciad a oclock with a high degree of  acouracy  and one that is
feps tedious in s use for measurement a3 itis in the world to day, digitel slectronics

& the order of the day dus o many advantages associated  with digital system




such as high degree of accurany, bigh speed of operation and less power
consumption, hence there is need for & clock (o be constructed based on digital
p;“i,ricipiﬁé,

Digital system normally makes use of two possibls siates dencted a "HIGH"
and "LOWS and "1 and a 0", "OFF" and "ON”, "TRUE" and "FALSE” and hence
sald fo operata in g binary manner. In other worlds the semiconducions are based
fo operate ondy i wo logio state. By this mods of operation, problam such a5
thermal run away msintaing a fixed guisscerd point  alc common with analogug
system arg made voud. Therefore a clock construtied based on these principles will
be more goourgte and efficent such a clock  is said 1o be 5 DIGITAL DISPLAY

& digital display clock & a simple elechonics device with make use of logic
cirouits to count and display the hours | rinutes and second of the day. The clock
circult consists of tme base count accumulator, decoder and display Cirouits,

Puize generation is used for the time base o generated g pulse of 1 Hz (i
g one pulse per second ) which i the basic count of the clock the cound
accumulator consists of decade counters that keep the ract of the number of
seconds and minute from 00 through 89 and then resels o DO and output of 1,
nulse per minute and 1, pulse per respectively. The hour counter counts from D1,
howut 1o 12 howrs and the resets 1o 01 hour (fig 1.0)

Most digital display dook finds is spplication and use in afl aspents of iife due
1y the fact that a Migh level of acouracy s guaranteed in whatever i is use for
gxamples of such places in which it s used are’

{3y FElectronies Systems: §f 5 used in electronics system sunh as video

racordars and players o determine the time required o complele a process

tad




, 8. i recorhing o determining the capacity of a recorded cassetts.
by Compuler system s uge o delerming the time iaken o complste on

oparation such as formatiing 8 disk,

Plaaa ™
b
Nt

Laboratoriss Ina number of laboratonias, digitad clocks are used o find the
time faken for a mrﬁm}iar gvent to ocour. Sometimes # is used I determineg
the time reguired 1o confirm the resuits of a particular experiment.

{d}  insports Hs ussdio detsrmine when the Hme schedule for a match,

{83 i Military Weapons | i s use in making ming bomb and missies

POWER SUPPLY

W -4 ' k: k-4
Y
Fings RECOGMDS ) FHNUTES gt HOUR
BASE COMLINTER COLNTER o COUNTER
CIRCUET i CHRCUR CHRCUIT CIRCAIT
LOO0EIS it
W ; A
L3 ¥
""" - DECOUER
; DEREL A%
%

Fig: 1.0 A BLOUE DIAGRAM OF DEHTYAL ELECTRONIC CLOCK

1.40 AIMS AND OBJECTIVES

The alms and oblectives of this project arg:
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{13 o design and construct 8” DIGITAL ELECTRONIC CLOCK “that will counts
from O 1 how 12 howrs and reseats to 01 hour
(hy To dasign g clock of a high degree of aoouracy less tedious in s use for
measurement, consumption, high spesd of operation and very cheap
1.2 LITERATURE REVIEW
TiMdE
Cneg facet of human conscinusness, ik swareness of "Time ¥ Human being feel the
passage of me in thelr personal experiences and also observe it in thelr physical
envirorment. It has being experiencesd, 53¢ a ong-way How 3t 3 pace Le show encugh
o be perceptible. People feel, tunk and act in consciousness of tme flow. The
irrgversibility and inexorabllity of the passage of ime is bome on every human baing by
the fact of "death’. As the English adage savs "TIME AND TIDE WAITS FOR ?ﬁé{i}
AN
However the familiar sub-division of day o hours, hours into rinute, minuie in
seconds taking nole of the fact that, 24 hows make a day. Al these facls, wriginates
from ancient origin but has come into general usage, since 1800 AD 413
Moreso, going down the memaory lane, there have being different types of method
usad 11 the early generation in determining lime of the day in which soms of them asre
dhsoussad below.
1.2 BARLY ARTIFICIAL CLOCK
SHADDW CLOCK OR SUNDIALS
The first device for indicating "TIME” of the day is "SHADDW CLOCK
SUNIDHALS", when people observed that tree and other obiects cast shadows which
move with sun.

e 1500EC the sarly Egyphans constructed shadow clock [2] A vertion pole ike




shelisk | cast, shadow on marked arsas of the ground as the sun moved, The sundial
worKs only on sunny days and when i is lght bt inefective at night and on a cloudy
day.
WATER CLODKS

The problem of telling time af nightor on a cloudy was solved by mé ancient
Egyptians with the use of "WATER CLOCK “ The waler clonk operate by measuring
water that tricks regufarly from one container to another. In 1?‘25&&{21 the Chiness had
ar elaborate water-wheel clook, and faler they bullt a 40-foat t2-metrel high pagoda-
ke obsarvalory water clock,

Like the sundisls | the water clock had iis disadvaniages i.e it would freazs in
eoider cimates and could not easily be used no memory objects such a5 ships.

SAND GLABBES
Along with the development of water clocks sand glasses, which measured time
by means of a‘um@mgv from one vesssls to ansther thiough & narrow passage wers
introduced. The sand glasses was pivoted in the centre 3o that i could be swelled o
start the sand pouring. There exists a leather case with four sand glasses fited 5o that
all are visible and made to run for a quarter, hall, three-guartsr and one full hour.
MECHANICAL CLOCKS

The construction of mechanival clock began in the 14 the cantury. Although there were
some primitive versions as sarly as 2008C {21, the first mechanical clock  wers sound
clecks. They had ne faces or hands 1o look at but a bell that rang & number of lime each
day. More advanced versions of bell clock were driven by a weight aftached to a cord
that wass wrapped around a eylinder. The weight pull down the cord o ring the bell b
such clock wearg not very regular or efficient.

1.2.2 PRESENT DAY CLOCK




The "PRESENT DAY CLOCKES™ with hands and a dial developed and powsred in

different ways.

FENDULUM CLOCK

In 1658, Christian Huggen, a Dulch scientist, bulll the first pendulm dock [2] while in
16875, he buill anothsr dock power by @ spring thal regularly colled and uncolled.

WATOHES

I 1500 AD, Peter Helein made the first watches in Germany.  They were
elaborate, expensive toys of the rich that kept fims quite poorly.

ATORIC CLOCKS

The sarly clock were not very regular or acourate. They were affectad by gravily,
incation, movement, wear, and lemperalure, and they nesded constant correction. A
pendulum clock would be of little use In 8 1ossing ship af sea. The movements of such
thirg 85 3 shadow , sand water, fire, sun, moon, and siars gre not sufficient to measuwre
the changes of atonic particles or the movements of bodies In outer space

For these purposes | scientist needed 3 steady and detailed standards that also
wers beirg affectad as e as possible by external influances. They eventually found
the answer in gioms themselves, Sclentists delemined that, the regular prediciable
yinrations {also called waves, cyules, oscillations and resonations) of cerlain slements
could funchion as a me standard

The no of osaliations of element caasium in one secend i B, 1892, 831, 77, in
1967, this number of osciilations has adopled in the Intermabonal systemof nuit (B as
ihe definition of one second. Years are now official measured in second, which at one
time was based on astronomical observation, has given up, alithough i s still used foy

certain purposes. The atomic clock anly  in accurals by ong sscond inmany thousands




CHAPTER TWO

PROJECT DESIGN AND THEORY
INTRODUCTION/PRINCIPLE OF OPERATION

The most basic repregentation of an slectranic dock is shown below in fig. 2.0

wennnnnd PUAE BASE gof COLMYERRS i DECODERS i DIBPLAYS

Fig. 2.0
240 BYSTEM OVERVIEW

The digital dock s g system consisting of logic gates, fiip-flop and subsystems.
The input of the system is the frequency seurce of the osoiliator ciroult. The processing
takes place inthe frequency divider, count accumuiators and decoder sections. Slorage
takes place in the count accumulater. The control section is the time set control, The
output is the digdal time display. There is a powsr supply also 1o keep the system
runping. Infig. 2.1.0 s shown a block diagram of the digilal clock, The various sections

are discusged in the following sections.




BASIC OPERATION OF B85 TIMER

Az shown in Fig. 2,11 (), the inverting Input of the coopserator is biased gt a
violtage of 10v e [10/45+10] 15 = 10v through 3 polential divider. The noan-inverting
input voltage of the comperator is refered to as THRESHOLD YOLTAGE and the

ing input vollage as the CONTROL VOLTAGE . When the RS flip-fip sef, Le with
a voltage gqual io the supply voltage al culpul O and oulput G 2t Ov, the high voltage

at (1 drives the transistor info saluration and this causes capacitor O which was sarlier
charged through resistor R o discharge through the ransistor 1o the ground since at

aturation, the yansisior causes a short circult across the capaciton This brings the
thrashald vollage to OV since this 8 now the voltags acmss the capaciior O as a result

of the shord circult. The comperalor autputis now inverted since the control input voltage
is more than the threshold voltaga. 1 3 signal is applied to input B, culpul O is reset

1 O and output Qo 15V, Since O output s now OV, this causes the fransistor i cut-
off ghving way to the capaciior increase expenentially as shown in fig. 2.1.7 {iv) above
and this is the same as the ihreshold voliage. As the capacitor charges up towards the
supply voltage, wnmediately the vollage is slightly greatsr than 10V, the oulput of the
comperator swilches slate leaving 5 inpul high Le 18V, This sets the Hlip-flop and sutput
{ now becomas high {15V} This process is repeated so long as the supply voltage
remang, The ocutpul wavelorr is as shown in fig. 2,11 {iv)
it is important o note that the rate at which the oulpul voltages switches siale
depends on the rale of charging and discharging of capacitar ©. Therelore, Rand T in
seras determing the frequency of the culpul wavelorm.  The threshold voltage is

exponential in natwre as 41 the same vollage across the capaciior,




242 REALIZATION OF FREQUENCY USED WITH 555 TIMER CONNECTED A%

ASTABLE MULTI VIBRATOR, (CLOCK FREQUENCY CALCULATION)
The frequency formuda for the NEBSS limer is given as

e, b1
TRV

For a frequency of 1000Hz, & capacitive value of 0.1uF is chosen

144

1000 = Sl
(B, BRI

=144 % 10°

Ri+v2R2 = 14400

A standard resistive value of 8800 is chasen for 29

. 2RE = 14400 - R1

= 14400 - 880
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The figure shown above fig. 2.1.3 (v} is 3 555 timer connacted as an asiable
mudth vibrater (fres running mult vibrator), The inverting input calied the trigger {pind)
of lower comparator is connected 1o the treshold input {pin 8) and these two points are
now connacied across capacitor C. When the voltage st pin 2 is a little lower than one
third of Voo, the culput of the lowsy comperalor hecomes high and this resets the Bip -

flop leaving O at logic zero. This forces the discharge transistor to s cub-off region and

current flows though the transistor and all the current from the supply fows trough R1
and M2 to charge up capaditor C As this capacior charges up, the vollage across i
nses firstio ¥ Voo, When this vollags rises shightly abovs this value, the voltage st the
inverting mput of the lower compositor is greater than the vollage fived st the non-
swverting input and the outpud of the comparalor goes low. Thiz has no effect on O
outpul. The voltags across O continues o inorease untll # is slightly above ¥ Voo
Then, the threshold voltage is slightly greater than the vollage at pin 8 This tums the
cutput of the flip-flop high and sats the flip-flop which impliss that O = Voo, This voltage
drivas the discharge transistor into a saturation and then short circulls pin 7 to the
ground as explained on its basic eperation. The voltage al pin 7 is grounded meaning
that capacitor will now discharge through R2 and via the discharge ransistor to ground.
The vollage across the capacitor beging (o fall until i gets o % Yoo and slightly below
thig, the upper comparator oulpul s swilched ow. But this does not affect the oudput
. The voltage across © fads 1o ¥ Voo and slightly below it, the oulput of the lower
cornparator then switches high. Tne s laleh is then resel and the procsss s repeated.
The continues charging and discharging of capacitor © resulls in the edtangulsr

wavelormed al the output pin {3) as i is shown in fig. 2130 () The wave form of the




voltage across capactior C also decreases and increases axponentially as showr i the

figg.

[N

L3y The capacitor changes up v % Yoo and discharges up 1o % VYoo, The
by-pass capacitor (0.01,4) connecled io pire & is just to provide noise Sllering for the
cortrol voltage, I the raset isrmingl {pind} Iz connsctad to the ground, it will not
inactivale the whols circult and hence i is abways connected o the supply terminal as
shown in the figure above.

However, having caloulated the values of B1 = 8 8K with chosen values of a
standard resistor R = 8800 and 3 capacilive vaius of 0. 14F fora frequency of 1000 Hz,
this NE 655 timer is able o function as determined. Besides, in order 1o generate one
pulse/sesand (THz) the output of this astable multi vibralor is connected 1o three decade
couriers i cascade for frequency division,

2240 FLIP-FLOPS

sequentialiogic droult are derived from various inter connection of FLIB-ELOPS.

They are circult with the ability (o retain present state at the output whan the inpul states

are charged, Such circults are COUNTERS REGISTERS, PULSE GENERATOR sto,

_— AT
:\g YIS s “‘W&’ %,
COMEINATIONAL
CIRCUAT |
g T ) MATRY
FLEDENIS R
Fig. 220

The are two types of sequential arowt and they are:

)




it ABYNCHRONOUS BEQUENTIAL LOGIC CIRCUITSYRTEM s & system which
depends upon the other in which its nput signals charge and can be affectad gt
any mstance of time.

i} BYNCHRONOUS SEQUENTIAL LOGIC CIRCUIT SYSTEM: In systarn which
fas a behaviow that can be defined from the knowlsdge of s swnals at digcrele
wstants of time,

The segueniial logic circulls which coansists of memy element sre called
FLIP-FLOPS. Thers are different kinds of fip-fiops such as LK f?é;}éiaps,, D-fip-flops
gle., bul wa will imit oursalves {0 the types used in this project (K fip-flops),

Flip-flops have the foliowing basio characteristios.

{1 They have the ability to store ong bl of binary iInformation,

{1} They have two oulputs which are complementary Le one for the normal vaiue ang
the other for the complementary value of the bit siored in it
A fip-flop circult can maintain a binary states ndefinitely {as lonyg a8 power is

delivered to the olroult) until directed by an input signal to switch stata,

2.2.1 JHFLIPFLOPS
SR fip-flops s oone of the memory elements used for counters, This is 2

refinement of the R-§ flip-flops in that the indetermingte siate of the RS flig-flop is

defined inthe J-K flip-flop, When this oocurs, Le J = tand K= 1, the airouil tegates and

a T !

complirmenis the culput,

. B 1
SR 3' kS
3 e 14 &
st N
b 1 Fo £ 1 AR ?
; A {j'g} Logte SYMBOL




As B can be seen from table 2.2.1{0 the two asynchronous inpuls are
considered with other in;m%ss separately because they (asynchronous inpuis) are not
eparated simultangously.  The twe asyrnchronous inpuls affect the flip-flops
ndependent of the clock and the hwo synchronous inpuls Le . and K for sxample,
when CLR =0, inespective of w?zét CLE, J or Koinpuls, the oulpul is maintained ai
=0 Alsowhen PR = () O = 1 irespective of CLK, J and K inpuds.

3?.&?8 OR TRANSITION TABLE: This s also ons of the impotant fable ofa J - K
fip ~ flops. The Hme sequence of inpuls, oulputs and fip-Hlop siates are heing
anumerated. i consist of three seclion Viz, the prasent sisle, the nexd stale and the

outtpul. The state table for the K flip-flop i shown in the {able below.

Present Slate of the Output | Next siate of the inpuls
auigﬁui
L3 Qe 8 ¥
it { { X
ki 1 % X
4 { b 1
1 1 X 0

Table 2.2 1 (i) THE EXCITATION TABLE OF A J K FLIP-FLOP
From tha table shown above, it can be seen that when J = 0, K can either be
Gor 1 and yet, | will not affect the state of the outpulte O = 0, O {1+1) = 0 meaning
that the J input delermines the cutpul, This is also the casswhan J = 1, Whan K
=%, 4 can either be 1 or O This will make no difference gt the culpul since ¥ now
determinegs the state of the outpul. Henoce, x represenis the "DONT CARES

condition Le i can be sither 8 or 1 implies that § really makes no difference.

DT




The prasent stale on the table represents the state before the oceurrence of the
ciock pulse, while the neot state is the state of the output of the Hip-fiop afler the
oeourrence of the clodk pulse.

STATE DIAGRAM: This is a graphical representation of infarmation on the state
table. U also desoribing the behaviouwr of the logle states of 3 fip-flop. In this
diagram, a state is represented by a circle and the ransition between states is

meicaled by directed lings conneating the circles. An example of this is shown in

figg. 2.2.1 (i} representing the stale disgram of a particular sequential Ingic cirouit,

o
[63 ’;‘;, i
Gio T = Ve
%g\ o o ? .
2&{% ,
&g
STATE 2.2 A STATE DIAGRAM OF A LOGID COUNTER




The binary number inside sach circle identifies the state § represents. The
diract ings are abeled with hwo binary numbers separated by a slash (7). The inpy
value causes the stale transition is labeled first, the number afler the symboligives
the value of the oulput during the present stale eg. The direst ing from iha siate 40
to 01 s labeled V0 meaning that the sequential circull is in 2 present state 00 When
x = Jand ¥ = 0 and that on the termination of the next piuss, the ciroult goes o the
next state, 01, and x and Y are inputs. A dirsct line connecting with itself indicates
that no changes of slate ooours.

Basgides, the stale diagram provides the same information as the state table,
There is no difference between a stale table and a stale disgram except in the
manner of representation.  The state diagram gives a pictorial views of 2 state

nsition and in a form sultable for human interpretation of the ciroult operation. it
is often being used as the initial design speaifivation of a sequential cirouft,
STATE EQUATION: This s aleo known as an application squation. 1tis aizo usad
e describe the behaviowr of the logic stale of » flip-flop. I s an algebraic
expression that specifies the condition for a flip-flop state tansition. The squation
s obtained from the k-map. A siate squstion is similar in form 1o 3 Hip-flop
characteristics equation, accept that it specifies the next stale condition in terms of
- gxternal mput variable and other flip-flop values. The left side of the siale equation
denctes the next state of 5 fip-flop, and the right side, a8 Boolgan funclion that
specities the present slate condition that makes the next slate. An sxample of o
state squation is

Alvty= (AB + AR + ABY X + ABX

The eguation is obiained from say fip-fiop A A {(1+1) represents the pnext
state of A when the condition representing the present slates of the right hand state
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shows that it is applicable only in clock sequential cirouits,
2.2.2 COUNTERS

Counter cirouit 18 a sequential oircull which goes through a prescribed
sequance of siates when input pulses are applied. These input pulses sre called
CCOUNT PULSES”

Counters genarally obeythe rule 27 when n represenis he number of Bip-
flops nesded to nplement 8 countar that will count through 27 » number of stales
in bingry., The largest binary number counted by n cascaded flip-fiops has a

il

decimal equivalent of 2777 should be noled that countsrs can be designed o

skip some siates depeading onwhat is in the mind of the d&siggng;, Such countars
arg called “TRUNCATED COUNTERS™

There are wo major calegories of counters namsly, synchronous and
Arynchronous counfers.
SYRCHRONOUS COUNTERS: This is the type of the counter when the fip-flops
are connecied in such 2 way that thay ars tnggered almost at the sams %i‘me by the
same clock pulse {(paralis! conngction),
ABYNUHRONOUS COUNTERS: These are oblained from sedal connsction of fiip-
flops. The disadvantags of this connection 8 the speed which & low since the
output of C_ss“zé fip-flop i used to tngger the other and 50 on, which esults in a
cumulative setting time.

With gi the necessary information onob - ¥ fip-flops in the pravicus section,
theratore we procesd o design counter {mod-10 counter) Decade counter usad for

this progact.
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2.3 Fﬁﬁ&ﬁ&?@ﬁ‘z’i} VIDER SECTIHON

The purpose of the fs‘fgg&naydésﬁie section s o divide the culpul requancy
of the B55 tmer CHO00H:} dum‘ o ang pulse per seconds o THz which s the basic
sount of the clock. The counters used for this puipose decade countars (74 L8 8

& h& {;}‘ﬂ , B
P TI OR L a22 Mo one L S0HE

L L

L.,
el TH N3 B0 SHE T LS 9o

R S A S I A § 4

£
W;j_z SN I A ,,,..wz?" "
§ Do i

Fig. 2.2 Freguency divider cirout
2.4 THE COUNT ACCUMULATOR SECTION

This consists of counters (74 LS 80) ihat keep Yrack of the number of
seconds from 00 through 58 and then rezels o B0 with an oulpul of ong pulse per
minute. T he minutes counlar receives the one pulse per minute oulput pulze from
the seconds counter 48 s own wiput and i?“z‘éi”-. oounds the number of minutes from
(0 to B9 amd then resets 1o 000 The outpul of thiz circult is ong pulze per howrs,
The one pulse per hours counter counts from 01 howrs 1o 12 hours arsd then resels
o 01 hours,

The countaers used in the seoonds and minutes count accumulators (G-58
countery consisis of a decade counter, Cascaded with a 0-8 counter (e moduls -
& counier ). The decade counters are couplad watly 13 place of the display. The

madido - 6 counter s couplzd with the 1s place of the displace. In like mannay,



the hours count accumulator is & decade counter cascaded with 8 0-1 countsr which
is & fhip in this case. The decade counter is coupled 1o the 1's place of the display
while the flip-flop is connecled w the 10% place of the display,
2.4.4 Sﬁﬁ&?@&% AND MINUTES COUNTER

The seconds countar is wo 7480 10 counders. The firstis wired for g decadse
count io provide the units seconds. These two courders sBectively carry out a cound

of 0-3% and then resets. The oulput s one pulse per minute which is applied (o the

minute courder. The minuies counters are exactly the sams with an output of one

puise per howr The seconds and minutes counter, ciroult is shown below in fig.
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Fig. 2.4.¢ The seconds and minutes counter cireu tels
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2.4.¢ HOUR COUNTER GO T ER

The hours counter s slightly different. H hag the 7480 10 a5 a decade
countsr in the unils posttion. The ocutpul of this counter is nwarted by an 0

invarsion, o provide the unil hours reset 50 that at 125858, the clock reseds

01:00:00. in the tens of howrs position however, instead of the 7480 10 previpusly
used, 3. K flip - flop {7476} is used. Since i is a 13 howr clock, this digit s only a
3and 1. Thess two oulput siales can easily be obigined using the 7476 10 which
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BT gt 73 s Cate{ 1673
is discussed below. k(o y—i> | oles
7478 1C e I )
{1y Logio Symbol szg

RODE OF INPUTS OiPs
CRERATION ASYNCHRONOUS | SYNCHRONOUSR

RS DLR CLE 4 Kolo o
Asynchronous set { _ 1 ¥ * b4 1
Agynchronous reset [ O X b LS R E
Frohibited 0 { b X X 1 %
foid 1 1 A ] O | Mo change
Heset § 1 in® & 1 {} 1
Hel 4 } inh 4 4 1 &
Togole 3 3 sl 1 1 Opposits

sai

{i} ruth table X - irelevani 4ve ¢k puise

Fig. 2472

The logic symbol is in fig. 2.4.2 {1 above, showing the fwo asynchionous
input {preset and clearn) and the synchronous input J and K data clock inputs and
the customary 1 and G ouiputs. Also the delailed truth lable is shown infig. 24.2
{1y, The asynchronous inpuls are activated in the first thres lines of the truth table
mveriding the synchronous inputs. When both asynchronous inputs (P8 and CLH}
are disabled with a 1, the synchranous inpuls can be activaled. Wa Qs applied o
the clear inpul, the Bip-flop resets. This fealure is used in reselling the how

counisr,

e
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connecied (o the clear inpul of the 7476 the clear input is active and therefore the
fip-flop reset to give 8 O output st the O oulput of the 7478, This reset input of the
7440 are also connected o the outpud of the 7411 which is al logic 1 this resed the
7480 counters back o 00, However, there 1s an active low iInverier al the 04 oulput
which iz aclivated and therefors thers is g count of 1 on 7480, Tha hours counter
therefore resets from 12hous to 01 hours.
25 THE DECODER SECTION

in digital electronics, alt eperations are camled out in bingry from, The
information at the output of the counter are in binary fommn therefore, s necassary
to find a way of converting this information in binary o a form sultable foraman o
iderpret and g oircul! required Yor this purpoess s known as a "DECOQDER”
A& DECODER: A deocoder B a combinational logic cirouil that converts binary
information from neinpud nes 1o 8 maximum of 2% unigue cudpud nes. i the nobit
decoder informabion has unused combinations as 8 the case with the special
decoder used for this project, the decodsr oulput will have less than 27 outpuls.
This decoders are refered to a8 n 1 - m ing decoders wheve mis less than or
eguat o 27

A seven segment decoder is used for this project, His a4 -to -7 lines
decodar. it has four inputs and seven outpuls. These culputs arg used o drive 3

seven segmerd display.




2.5 DESHGN OF A SEVEN SEGMENT DECDDER

DENARY DIGIT INPUTS SEGMENT (OM=1)
36 Qo OB GHlas b oo d 8 g
& { 4 {3 { 4 A T 1 1
1 G i £ 4 AR T ) ¢ ¢ B
2 0 { 1 0 (R T S S T R ¢ B
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Tabie 2.5.1  Truth {able for the seven segment Decoder
B om Mo Ol o0 o 1 b %qf* 20
wh L o) 0 26i{1 )1
okl i34 ol g hijip o
: i i
(D G an w1
%o Go bt Bftgteuly 4 o Gt B, 000, L= RatBgy dptQ,
i {3% 4. 18 ‘%@f*m AN %Qg G0 Gl - i 1D
AN gt !l 1010 gt E 010 1D
oitipit ol O 10 o 1 gri il o Ly
fi b
i | ipd {3 i § ¢ .
ol Byt By 4 G 8r 40,4, & = By g Bt Biplla £ oo Gyt Gl Qp 40y B 1 B B,
2,
8 58 o ot i 4B
o O I N A |
£ A EER A
i1




‘252 CHOICE OF DECODERIDRIVER IC

As it can be seen in fig. 2.5.1, if ane iz able 1o implement this oiroult LiBHY
single scale integrated cirouit, the number of components required IS snonmous,
Forexample, this projedt required six seven segment decoders. i six of such cireult
are {0 be implementsd al té’*e end of the day, the cost of production would be very
figh. Therafore, It would be wiser 10 go for cirouit that is less costly and most
affactive and such ciroult comes in 8 medium scale infegrated ciroult a.g 74L847

decoder. it is a decodeddiiver used 1o drive a seven segment display in this project,
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Fig 2.8 2 A seven segment Decoder (7416 4730

The figure shown above 2.8.3 18 a 4 - 10 - 7 line decoder. ¥ has four data
inputs, A B, C and [ and seven active low oulpuls 8, b, ¢, o, &, | and 4. These
CUpULs, fa Binary sever, A= 1, B= 1, O= fand D= O are present af the dats
inputs the oulput 3, b, © and g waould be al an active low since the display used in
this progect i 8 common-anode, only the segments 1o which thase oulpuls are
conngoled (a.bye and g are Wimned ON, therefors a decimal seven is then displayed.
.28 m{éi?ﬁa DISPLAY OR READOUT

The display amployed in this profgct is the seven segment display which is
widely used as 8 readout for modern digital eguipment.

Thers are three types of seven-segment display. These ara

e
wd




{1 Light emitling dinde (LED)
fi Liquid Crystal display (LED) and
) Gas discharge display (GDDY
Howgver, the sevaﬁ»&agmém indicators in this project are basically Red ight
rrifting diodes (LED) constructed on a veroboard in a geometrical pattern, dipicting
the shaps of dechmal numbers from -8 depending on which segment s selectively
fuminated as shown in the figure 2.8 helow. The LED was chosen becauss was

cheap and available in the market.
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The LED seven -segment is a common-ancde display inwhich alt anodes are
connecied together white the cathodes arg independent as L is shown in fig 2.8,

Yo oparate the LED display, all ancde terminals must be supplied with
postive vollage. The current fowing trough each diode must be Himited 1o abaud
rd which is the maximum amount of current that must pass through each for
safaty, Thersforg, in order 1o prevent current passing through these dindes, a
current imiting resistor must be inreduced i series with sach dipds at they

respecive cathode.




281 CALCULATING THE VALUE OF THE CURRENT LIMITING RESISTOR

FOR THE SEVEN SEGMENT, LED DIBRLAY

e My
—
N
T - {.% /f, /{ Y
Vg 2o Mg
- X

Fig 2.8, 1

Az itis shown i the circult ghove (fig 3.8, 1{8). The rangs of the vollage diop
in the diode is 1.0Md <3.0
Where Vs {supply voltage) = BY

id {dinde mrrem'} = 20mb,

{a} For Yd {mirg of 1.0V

from,

s @ Wa o+ Ve

Y iy - Y

=510

= 4y

Thus
Y, = LR
g, = e 3
v ";3: 2B iG
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by ForWs{max) of 3
from,
Ve Me + W

S o Y - Wy

# {531V
A
Thus,
Y= i Ry
" T
£ o 2o
w 1000

Therefore, the range of the value of limiting resistor is

H2 2 Ko R

00 « Hy 2000

B o= 15003 was chogen.
2.7.8 THE POWER SUPPLY UNIT

i order o remove the stress from the power supply unil, this project design
requires a dual voltage supply of + 5v. This was done because the (olal current
consume by the whole drouit s more than 1A and therelore two 5V 1A (THOS)
reguiator werg connecied i paralisl se that the two of them now share the ol
current being drawn by the ciroult together af*f*mémg i the Kircholf's current law.

he connaction of the powsr supply I8 as shown infig. 2.7

The cirouitry consists of a 8200/12v transformer whose outpuds are fed into

the dicde rectifier (o produce a do vollage cutpud. Some capaditors of specified

capacitance values were used 1o remove ripples by way of luttering. The two 7805

A5




fe voltage regulators werg connected in paraliel and used o produce constant de
voltage supply of +4v and +5v respectively which one of them is required to power

display, decoder and accurmulator sections while the second + Sv is used 1o power

ime base and frequency divider sections.
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CHAPTER 3

CONSTRUCTION TESTING, TROUBLE SHOOTING AND COSTING.
31 CONBTRUCTION

in the construction of each of the sections that make up the DIGITAL
CLOCK, the design specification  are  siriclly g8 adhers to and the logic family
used in the project is resticted to & particular one T.T.L, afler considering the
prablems associated with the interdadng of different logics: Howsver, the
construction of gach of the sections are discussed below -

A reguisted power supply sechion was conslructed on verchoard using
transformer rating of 220y, 500méa (Primary), 13v (secondany as shown in the fig.
2.7 of the chapler two fesding a bridge rectifier constructed by fourth gensral
purpose diode and the output of this now filler by capacitor Co, which is 1000 uF .
inn this secton two 5v, 1A regulator are used and they wers connecied in paraliel
hacause the total current sonsume by the, while circull is more then 14, and with
ihe two of them in parailel world sharg it according o the kerchiefs current law. the
ouiput of one would supply both decoder and LED section while the second one
would supply the rest section capacitors 0U02 and ©F are used for  something
stage in the cucull |

The pulse generalor was construcled using 555 time as an AS TABRE
MULTIVIBRATOR with B =8800), R2Z = 880k} and 2 capacitor of 01uF as
calculated in chapler 2 giving culput of 1000puise per second

The frequency divider section was construcied using  three decade courter
which were connected in serias with the final sutput of 1 pulse par second

The count sccumudabor Were construcied using decade. Counter The unit
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of second and  minutes are constructed by taking #s input from pin 14 and cudput

from pint? with pin 2,38, 7and 10 grounded. The tens of second and minule are
constructed by taking Bz input from pint4 and oulput from pin8 with pin 10, 8 and
7 groundead. pin 2 and @f&%rzmetaé together as shown in chapler two.

The unit of hour was constructed with a decads courter with an inverler 2t pin
teoutput while the tens of hour was constructed using s fip-flup, AND gale and
inverter,

The decoderfdriver and display seclion weare constructed using the output
of the ww‘i acoumdator as 48 own input and g miting resistors of 1500 were used
o it the current from culput of the decodeddriver o the sever-segment display
which were construcisd using the light emitting-diodes.

Howevsr, the stages wers arranged in such g way that the oulput of one
slage serves as the inpul to the other slags.

32 TESBTING

Each of the section were first tested one alter the other on a bread broad and
considerable Hme was given 1o sach module Under fest 10 respond as desited so
a8 10 be sure of ds relighity After the breadboard testing, sach module weare the
disconnected from the breadboard and then wanslered o the veroboard for
permanant soldening. And proper soidering tlechnigues were carefully obigserved.

Howavsr, the fingl selidering of the entire ciroull, was then tested sechon by
section by mullb-metre to make sure that they are working as desired.
33 TROUBLESHOOTING

it s desirad that in improving the maintenance cullire, one should also be

abile to rectify some simple faults winch might develop in the digital dock.

To this end | some common faults which could easily develop i the clock are
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enumeraied and simpls suggestions on how 1o go about rectifing them enlisted in

the table helow.

FALLT (&) POSSIBLE CAUSE (8Y TOOLSAEGUPMENTS
SUGGESTION TOUSE

Supply maing on, | Fuse might have gof busnt, or dMubi-meter,
power supply not | transformer bumt of any of the | Gacilloscope, soldering

working components i the powsr ron, eadisucker

supply ssction, Carry out
check on each of these a5

appropriate

Supply main On, | SBeven-segment LED indicator | Multimeter, osciifoscops,
power supply unit | might have been bumt, counter fsoldering  fron, :
watking but clock P might  have  faided, olock | leadfsucker, 2 exdracior

not working generator 1€ might have fatled, | and plier.

studdy the delall cirouit disgram

and carry out faull racing as |

appropriats

Table 3.3
3.4 COST ANALYSIS
This table gives the part st {or the Digital Electronics clook and thelr cost

The fist includes only those components used in the final production and excludss

those that burnd or damaged during the course of production,
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DESCRIPTION OF

NG GTY | UNIT PRICE TOTAL
| COMPONENTS {943 COST (0
1. Limiting resistors B = 1800 42 7.00 294 00
2 | Resistor Ri= 880 0 1 8.00 B.00
3| Resistor R2 = 6.8k 200 5.00
4 | Capacitor 00 = 1000 4F 3 B0.00 80.00
5 | Capacitor 01 = 0.1 oF 1 40.00 40.00
6 | Capasitor 02 = 0.04 4F 1 35.00 35.00
A Y S 4 50.00 200.00
g 150,00 150.00
g Transformer 32012y 3 100,00 100 00
g | SROMA 1 80,00 80.00
3¢ | TAURHC 5 10000 500.00
1p | 7040 5 120.00 950,00
13 | TALS4TIC 1 10000 100.00
14 | 7ALSERIC 1 8000 80.00
15 | 7ATEIC 2 100.00 300.00
g | ATHIG yrds 30.00 B50.00
p7 (TGS Gyrds 10.00 60.00
18 Connsoling vires 4 5000 A0.00
1 Soldering ead o 10000 SO0 60
30 Gensral purpose dinds (1A} 1 30,00 3060
py | Yemboard 2 30.00 50.00
Push - button
Plastic casing
TOTAL 1,308.60




CHAPRTER FOUR

MSCUSBION, SUGGESTION AND CONCLUSION
4.1 DISCUSBION AND SUGGESTION

Thg praject is gined al design and construction of a clock with o high degraee
of accuracy and one that s ess tedious in iis use for measurement. This gim WHE
actigved though with soms lechnical difficultis

Problems were encountered in the area of gelling an soocurale pulse
frequency using the 555 timer IC. ¥ was not easy o get one pulss per second from
the 555 timer that was why the time base was made o generate 1000 pulse per
second and this was divided using three decade countars which thelr total autput
gave 1 pulse per seoond which is the required pulse for counting by sccumulator.
Moreover, probierm were encounterad in the powar unit section becauss the outnut
of & regulator does not sustained the power consume by the ciroul, therefore, the
problem was sobved by using two regulators in paralie! in which the cutput of one
reguiator will serve decoder and display module whils the second will serve the rest
of the circuit. Also heat sink is used for the reguiaior IC 1o conduct the heat away
and LED are used in such away that they sre arranged in numsrical order for the
display circuit

Besides, in the area of gatting components for the project work alse some
difficullies wers met. When some components gets bumt at the course of
constriction, i becomes very difficult and costly 1o get then replaced and this waste
a ot of fime and causes delay in the construction,

However, after the satisfaciory job that we have done the possible fulure
improvemant on the project are as fnllows:

{t ncorporation of the mode select switch e reset the how and minute digits.
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{#y The clear reset switch or button may also be Incormporated.
(i The alarm ciroul! which will operate hourly,

Also going by my expenences during the cause of designing and construction

of this project, | hereby suggests:-

thaat the university o deparimeant should embrace the cullure of heiping and
assisting students in getling the components needed for thelr project work anid also
they should try to relief students financial wise on thedr pmggﬁz

Besides, | also suggest, that students of the department should be made to
start embarking on mini-project work from 300 level upwards. This will go along way
in exposing and preparing the slectrical students for thelr final year project.

Finally, the depariment should set up mors laboratory practicad in slectronics
for students and 3 fim show {(Documseniary Film) on electionics shoudd abways be
shown for students,
4.2 MAINTENANCE

inenginsering profession, maintenance of enginesring equipmenis {whethsy
i form of tools or measuring instruments) is very necessary and important since

continuous and constant maintenance of equipments leads o Increased life span

of such equipments and hence highar profitabidily.

The digital clock in this sense is unarguably on engingering equipment used
for measwing time, Hence, the nead 1o lake good carg of it s mandalory 10
generate 18 durshility.
4.2.1 MAINTENANCE CULTURETO BE OBSERVED ON THE DIGITAL CLOCK
1, Ahways place the digial clock at moderately ventilated locations (o prevent

overheating, 1o aid propar heat sinking by transformer and other heat

gengrating components.
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Disafiow anything liquid, molsture o dinty alr from entering into the housing

or casing of the clock as electronics components do not compatible with

them,

3. Ahways handle property when moving the cloclOio another lecation to prevent
the dock from faliing which could lsad to the maiz‘maiéming of complels
damage of the ook,

4, Always ensure that the power cord does not kink as kinking could damage

the cord and can cause short ciroult,
430 COMDLUSION

The aim of this project has undoubledly been achieved though zoms
discrepancies i always occur when the clock is connected 1o the power supply and
thiz is due o false triggerng of digital IC used and this could be overcome by
altowing the gyslem fo attain 2 steady state. Thatls 1o say that the required circuit
has been designed, sonstructed and R is working satisfactory.  The design was
carred oul by the knowledge acguired from Elecironic and Digital cowrses offered

in our department as well as indusirial training.
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